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Outline

Physics motivation for a Mediterranean Cherenkov Nevutrino
Telescope |

The ANTARES Cherenkov Neutrino Detector:
detector properties, angular and energy resolutions
selected recent data analysis and results

Aiming at Km?3 Neutrino Telescope in Mediterranean Sea:

ANTARES + NEMO + NESTOR + ... : joined efforts, design and
technologies defined in a common project. KM3NeT

Pan-European coordination of funding agencies and research
Institutions

Active synergies with marine-sciences deep sea researches
Status and perspectives
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The Universe is transparent for UHE neutrinos !

» Observed elementary particles
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Physics with a Mediterranean Neutrino Telescope

Nox“‘d‘oub’r HE v'’s are very important messengers (hadronic HECR origin ¢,
parent's acceleration mechanisms, wider horizon, unexplored territory,...).

Technical feasibility of HE v felescopes is proven (under ice, under water).
Complementarity to the South Pole IceCube detector

HE v 's signhal observed by IceCube (many events in a region where the
visibility is exceedingly good for Med Telescopes). South Pole visible sky

Central scientific goals:
galactic neutrino sources (1< E, <100 TeV, point-like)
high-energy diffuse neutrino flux e vieibie i
extragalactic sources i
Dark Matter (indirect detection)
Neutrino properties
Exotics (monopoles, nuclearites, sterile neutrinos... )

... and in a multi-messenger approach: _

origin of cosmic rays, internal dynamics of sources and acceleration
processes
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Neutrino fluxes: what do we know/expect ¢

Cosmological v

Solarv
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernova

Terrestrial anti-v
Atmosphericv

This is our region
of interest

-

GZKv

v from AGN

10° 10° 10° 10'? 10'® 108
eV keV MeV GeV TeV PeV EeV
Neutrino energ
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Search for neutrino induced

events, mainly ey deep
underwater

= Search for neutrinos with E >1+10 TeV
Down-going u from atm. showers
S/N ~ 10-¢ at 3500m w.e. depth

p, nuclei « go deep to reduce down-going atmospheric p backg.

* long p tracks allow good angular reconstruction
0.7°
ForE, z1TeV 6,

v JE.[TeV]

W direction reconstructed from the

arrival time of Cherenkov photons on
Neutrinos from cosmic sources the OpTlCOl Modules: needed good
induce 1-100 muon evts/y measurement of PMT hits, o(t)~1ns, and

in a km? Neutrino Telescope good knowledge of PMT positions (o

p, nuclei ~10cm)

Cherenkov
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Search for "Point like" cosmic Neutrino Sources

Extragalactic

Core of Galaxy NGC4261

Hubble Space Telescope
Wide Field/Planetary Camera

Galactic

Supernova }emnants
Ay Active Galactic Nuclei

%

3046HES

. 17h11m

Their identification requires a detector
Wﬁfh GCCUT@#@ @ngunar r@COHSﬁrUCHOH For transient’'Solkces the time measurement

o improyves.the signal detection :
U(ﬁ) S O ¢5 for E ,‘/ 2 lTe V The HST GRB Collaboredtion

Experimental signal : statistical evidence of an excess
of events coming from the same direction
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Search tor v from "Diffuse Cosmic Neutrino Sources”

Unresolved AGN

Neutrinos from "Z-bursts”

Neutrinos from "GZK like" p-CMB interactions
Neutrinos foreseen by Top-Down models

Their identification out of the more intense background of
atmospheric neutrinos (and muons) is possible at high energies
(E>TeV) and implies accurate energy reconstruction.

24

\ Search here Il

10 10° 107 10°
MeV GeV TeV PeV EeV
Neutrino energ

2013, first evidence for a diffuse flux of cosmic neutrinos: 28
confained VHE astrophysical \v events reported by IceCube
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The ANTARES Collaboration
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25 storeys,“‘

348 m

~70 m

Antonio Capone

The ANTARES detector

Strlng -based detector;
Underwater connections by deep-sea submersible;

@ @ Doygward-looking PMTs, axis at 45° to vertical;
- 2475 m deep.
v r%

|
14.5m b / ‘

*40 km
ecable to
*shore

- 1
| L i , l _
- N® = Junction Box
— ' : + 12 detection lines
Time resolution ~0.5 ns | T 25 storeys / line
PMT position res. < 10 cm |} « 3 PMTs / storey
= - 885 PMTs

© Francois Montanet
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eployment

Data taking periods

: Mar ‘05 — Mar '06

e MILOM

La Seyne-sur-Mer

A Dl — g Ju&lé%|l&v

&\
D e e e B . v

N
|ttty — ey~ N
Es [ mem e o e T e e e e T e e e -~ i

(T ,.,-.)@lxﬁvu)ﬁ»i)ﬁ»iéfﬁvl)ﬁ».u)ﬁklxﬁvléwlrn&w

e A e e e

(40 km)

(2.5 km depth)

1

Vulcano Workshop 2014 - Frontier Objects in Astrophysics and Particle Physics



(multi-) muon Event

Example of a reconstructed down-going
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Up-going track: a neutrino candidate

Example of a reconstructed up-going

50 Lina 1 500 Line 2 - - -
(9 Run 34927 Frame 7155 muon (i.e. a neutrino candidate)
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The ANTARES search for point-like v sources

First fime-integrated search with 2007-2010 data (813 days) ApJ. 760:53 (2012)

« 3058 neutrino candidates (atmospheric + astrophysical 22)

* No stafistically significant excess

« The "best cluster” (-46.5°, -65.0°) compatible with the background hypothesis, p=0.026
(no known source there from ROSAT, Fermi-LAT/HESS)

New search on bigger data sample: 2007-2012 data (1340 days) ApJ-L. 786:L5 (2014)
5516 neutrino candidates (improved angular resolution)

pre-trial skymap

L 90% of events
reconstructed
with ¥< 1°
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——2007-2012

----2007-2010

median ~0.4°
1

W[
cumulative distribution of the angular resolution
for selected events assuming E2spectrum

again no statistically significant
excess observed

p-value =2.7%

signal signif. 2.2 o i
The same "best cluster" with 6 new events (14 total in 3° search cone)'
observed but compatible with background hypothesis (p=2.1%)
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The ANTARES search for v from known y sources

Using the 2007-2012 data (1340 days) we counted the number of events in a 20° cone
around a list of pre-selected candidates, searching for an excess over the background.
Assuming a neutrino flux from the source like d¢,/dE, = ®, E,2 in absence of a
statistically significant excess we can put a limit (af 20% C.L.) on ®,. Few examples

source o [°] 9. [°] n, p-value @ 90%CL

HESSJ0632+057 98.24 5.81 1.60 0.0012 [ 4.40
HESSJ1741-302 —94.75 —=30.20 0.99 0.003 3.23
3C279 —165.95 =5.79 1.11 0.01 3.45
HESSJ1023-575 155.83 —=57.76 198 0.03 2.01
ESO139-G12 —95.59 -=5994 0.79 0.06 1.82
CirX-1 —129.83 =57.17 096 0.11 1.62 8 2 o1
PKS0548-322 87.67 —=32.27 0.68 0.10 2.00 R s

GX339-4 —~10430 —48.79 0.50 0.14 IRV ApJ-L. 786:L5 (2014)
VERJ0648+152 10220 1527 059 0.11 2.45
PKS0537-441 8471 —44.08 024 0.16 1.37

MGROJ1908+06  —73.01 627 021 0.14 2.32 A
Crab 83.63 22.01 0.00 1.00 2.46 [l 207t g 1

- width = 1°
width = 3°

Is there a point-like v source close to the Galactic Center

(o =-79°, 8 =-23°, Gonzalez-Garcia et al. arXiv 1310.7194) suchj:
that could explain the recent IceCube evidence 7??

The expected flux should have @, =6+108 GeV cm2 s!

The point like hypothesis as well as extended Gaussian like
extended (0.5°, 1° and 3°) sources have been tested:

no excess found. No evidence found for a point like-source
that could explain the IceCube results
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ANTARES data provide the most
stringent limits to flux of neutrinos
from point-like sources for a large
part of the Southern Sky in the
TeV region.

lceCube sensitivity to point-like
sources in the Southern Sky
improves for E, > 100 TeV

horizon

—— ANTARES sensitivity (1338 days)

m ANTARES (1338 days)

«  ANTARES full-sky limit - 1 bands (1338 days)
% ssss ANTARES E, <100 TeV sensitivity

0 IceCube 3 years

= —— IceCube 3 years sensitivity
= =xss IceCube 3 years E <100 TeV sensitivity

90 % C.L. flux upper limits and sensitivities
on the muon neutrino flux for six years of
ANTARES data. lceCube results are also
shown for comparison.
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Study of the atmospheric spectrum

Atmospheric neutrinos are the irreducible background for the search of the
astrophysical neutrino flux: big uncertainty in present spectra parameterizations.
The unfolded spectrum, for 100 GeV < E, < 200 TeV well described by

and y=3.58+=0.12

10°

—=— ANTARES Unfolding
—e— AMANDA-II Unfolding

—a— lceCube40 Unfolding

— Bartol flux
[ ] Bartol uncertainty

- = = Bartol + Martin flux

q
-
o
7
‘v
>
[}
)
LL
9
prd
o
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LL

Bartol + Enberg flux :
Eur. Phys. J. C (2013) 73:2606

N T N

3 4
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- Search for a flux of v,

Search for an “é‘xc‘;‘ﬁess in the energy spectrum of up-going tracks with respect to
the expected distribution due to atmospheric neutrino.
A good energy estimator is needed.

» First search with 2008-2009 data (334 days) Phys. Lett. B 696

(2011) 16-22
* Energy estimator "R": the mean number of hits collected by fired PMTs
*  Ngps = 2 "'candidate” events observed with n,,, =10.7 background for

20 TeV < E, < 2.5 PeV

12 25 3 35 4 45 5 55 6 65 7

> E2®(E)ggec = 5.3°108 GeV cm2 5! sr ! log,|E,/Ge)

2

. New search with 2008-2011 data (885 days)
Energy estimator: dE/dx
Reduced atmospheric muon contamination (<0.4%)
Nops = 8 "candidate” events with n,, , =8.4
Ngg=2.3 for 45TeV <E, <10 PeV

PRELIMINARY

-
o
e

Events (Dec.2007-Dec.2011)
3

> E,2®(E)ogsc = 4.8°108 GeV cm2 s sr -1
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Search for a flux of v, astrophysical

neutrinos from diffuse sources

5 Bartol flux
o 10 PREL'MINARY —=— ANTARES spectrum
R : : : :
£ : ;
o 10 : : EQ Eur. Phys. J. C (2013) 73:2606
% EMACRO E,2®(E)gge,c = 4.8°108 GeV cm2 s1 sr -1
(.2. : ; 45TeV<E <1OPeV
-6 MPR/2 T, <1 g
g L e ’ [1C signal E2 (2PeV cutoff)
; : E,B 1: I R ; 0 v i3 . :
10 * : Am"anclqll e R — m&‘- E
ANTARES 08-11 "o : e mmm——
.............?............................ Shssssssspsssnsssssyfoancssnsssssannanenassieiisul

IceCube 59
iceCube 40 -

lIIIIllIIIIll"lII.IllIIIII‘.IIIIIIll.lll.’l.l..... SESMSEsSssSSssSEEESSSSSsSSEsSSKSSENSEEEEEEEE Y

WB/2, no evolutlon

WB/2, evolutlon

1 llllllll 1 llllllll | llllllll | L.

'llli 1 1 Illllll 1 L L i
10° 104 10° 10° 107 10° 10°
Energy [GeV]
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Neutrinos from “FERMI Bubbles™ ¢%¢
Search possible for a Mediterranean Cherenkov v Telescope

« FERMI detected hard y emission (E2) up to 100 GeV in extended "“bubbles” around Galactic
Center, hard spectrum not compatible with Inverse Compton mechanism, M.Su et al., Ap.J.724

(2010).

Models involving hadronic processes (e.g. Crocker & Aharonian, PRL 2011) predict significant
neutrino fluxes.

Estimates for the neutrino flux: — M ~1.2+2.4-107GeV em™'s s = A,

ANTARES, the present Mediterranean v Telescop@, searched for these neutrinos.

Gamma-ray emissions

—— ..

X-ray emissions

—— 50,000 light-years :
Milky Way '
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~ Search for a diffuse v, flux from "FERMI Bubbles

Compare the neutrino-like events Fermi Bubbles
coming from 3 "off-zones" (with the

same size and shape as the Fermi

Bubbles "on-zone") with the events

coming from the Fermi Bubbles

Events selected as up-going and well
reconstructed tracks.

Data sample, in the period 2008-2011,
includes 806 days

In the 3 off-zones observed: ‘off-zones’
Npg = 9,12 and 12 events

In the Fermi-Bubble region
N = 16 events (1.20 excess)

Eur. Phys. J. C (2014) 74:2701

Data "on-zone"

1_# ﬂ Data "off-zone"
No statistically consistent iﬁ ¥ WL o
signal observed ﬁ* )

Expected signal

. from Fermi Bubbles:
Assuming no cut-off no cut-off

E2®(E)ggs,c = 5.7°107 GeV cm2s°! sr ! 500 TeV

Assuming 500 TeV cut-off
E2®(E)ogsc = 8.7°107 GeV cm2 5! sr !
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ANTARES - Multi-Messenger Searches

Potential astrophysical sources are predicted to emit very faint neutrino signal. The Multi-
Messenger Approach increases the discovery potential, by observing with different probes;

the significance, by coincident detection; the efficiency, by relaxed cuts.

Flaring sources
(v emission from y-flaring
blazars/microquasars)

FERMI
ANTARES @ G )
RXTE
APP 36 (2012) 204
arXiv:1402.1600v1

VIRGO

(ANTARES“ LIGO

common working group (GWHEN)
5 Line data
S. Adridn-Martinez et al.,
JCAP 06 (2013) 008

TAToO
(Telescopes — ANTARES
Target of Opportunity)

Optical follow-up of
neutrino alerts for
transient source
search (GRBs, SNae).
Analysis in progress!

NTARES 4 Optical Telescopes [ANTARES =) GCN]

A
{ TAROT & ROSTE +more 1.S. Adrian-Martinez et al.,

Ageron et al., Astrop.Phys 35 (2012) 530-536 JCAP 1303 (2013) 006

GCN

Adrian-Martinez et al., (GRB Coordinat. Network)

|19, Apd 774 (2013) 008
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it e GCN alerts trigger the recording of all the low level
triggers. A continuous buffer ensures the
availability of the data before the alert

TimeSlices

/7 C A KAY B
7

Z 1

¥ o1 oorainario c O

I $ e : %ﬁ """""""" %%r

Data|tgking triggered by a satellife (FERME=SMLLE
°)//\\\ : i
r— & 3 |
[~ = R e [ alert message =@\—\>
| GeN/ \
> IBAS All datd
few minutes of
unfiltered data ]
| RSP FIR——-—————————————————
Specific data filtering and reconSTEE TELl
for|an excess of events in the GRB directio
= i eeseseienksersens *W FlashBack

position message



A MulTI-Messenger Search of v from GRB

2007-2011 data: Astronomy & Astrophysics 559, A9 (2013)

« alerts and data from FERMI —= SWIFT - GCN
« analysis of 296 long GRBs (total prompt emission 6.6 hours)

Simulation of neutrino fluxes from GRB:

« NeuCosmA (HuUmmer et al 2010) - expected 0.061 events
« Guetta (Guetta et al. 2004) - expected 0.48 events

+ Expected background 0.051 events

No events found in stacked GRB search within 10° window:

Previous ANTARES result, 40 GRBs
JCAP 1303 (2013) 006 a

- - -
2 o 29
& Y] &

>
ANTARES upper limits 90% C.L. for
O
Guetta fluxes ==
NeuCosmaA fluxes -

£
3]
)
w

E>®, [GeV cm? s sr]

1
o

lceCube upper limits 90% C.L.
|C40+59 for 215 GRBs




... Ot only neutrino astropnysics...

... also open problems in particle physics ...

e
.

Dark Matter searches:

Neutralinos from Sun, Earth, Galactic Center 4 2 am e iy
| ;If " % | .
Monopoles, Nuclearites N & A‘ L

- |
Acceleration mechanisms

)
Neutrino interaction Cross sections Y
Neutrino oscillations, neutrino properties

1 | = .
% II ..II-'
\ /
i e
; e
&
- y
f_ =
- -~
| X

Neutralino search: yx — v+...
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Log [0, <o (Pb)]

ANTARES: indirect search for Dark Matter

Search for neutrinos from dark matter annihilations in the Sun

UL Earth

Baksan

lceCube-79 ANTARES 2007-2008
(dashed) . (upper solid lines)
\\

-, 1978-2009

i, . S e * Optimization for best sensitivity for each Myy,yp
SuperR’Q‘. ---------------- o R 4
- 19962008 o * = * “TCOUPP 2010-2011 . - «  Track fitting quality
. ST s ] -« Two independent reconstruction algorithms
RGN ANTARES 1 - Search cone size
WW- 2007-2012 1 |+ Background by scrambled data in the Sun
- MSSM-7 (lower solid lines) direction

PRELIMINARY m
L L L L 1 Llll 1 11

T T T

LN 0

Previous ANTARES result 2007-2008 (168 days)

R New improved analysis 2007-2012 (1321 days)

L. Bergstrom & P. Gondolo, Astr. Phys. 5 (1996) 263-27 . S|ng|e line and Multi-line events used

Journal of Cosmology and Astroparticle Physics
JCAP11(2013)032

‘111111111

—6 _111I|IIIWHHIHH ]

10° 10°  Myue (GeV) 10*
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The Neutrino Telescope World Map

ANTARES + NEMO + NESTOR joined their efforts to prepare a km3-scale
Cherenkov neutrino telescope in the Mediterranean >KM3NeT Collaboration
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Sed v lelescope Sky Coverage

Observable sky, galactic coordinates, for a detector efficient to tracks from below the horizon (up-going
tracks). Mediterranean location provides a 3 it sr sky coverage, 0.5 7 sr instantaneous common view with
IceCube, and about 1.5 1tsr common view per day. The Galactic centre is visible 2/3 of the time.

PWNe

SNRs

No counterparts
Molecular clouds
Others

Binary Systems

o US| +61 30@

180° (-

GRO JZ2019+37 LS 5039 Psr B1259-63
MGRO J1908+06 RX J1713.7-3946  MSH 15-52 RX J0852.0-46%2
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Locations tor Neutrino Astronomy

From Antartica From Mediterranean Sea

+Mkn 421
Mk |
Mk 501 fe

§§Jé7i3.7-39 i -

SS4337 GX339-4 VELA '

Galélctic
Centre

A Km3 Nevutrino Telescope in Mediterranean Sea will be complementary to
IceCube and ... will search for neutrino sources also in the Galactic centre
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International Collaboration involving 241

scientists from 38 Institutes and 10 EU KM3 N eT
countries (CY, DE, ES, FR, GR, IE, IT, NL, RO, UK)

Objective: to build the
most sensitive high
energy neutrino
telescope in the
Northern Hemisphere

KM3NeT is on the ESFRI
roadmap since 2006

é‘ The KM3NeT Collaboration
i 3 38 institutes
& 3 installation sites
- #IJ Sl

e
e : e 4
l,. l il

KM3Nef:Gr.

 (KM3NeT-1It

L TSI PRt
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The KM3NeT Detector

TDR : ISBN 978-90-6488-033-9 (2010)
KM3NeT

3i
X

& 2&?‘%

3 %ié“-_

s

.
B,
s
i
2
‘
oHB1o
i
?{

i
d
-

¢t

P L
5

¢t

About 11000 KM3NeT-DOMs (Digital Optical Modules) attached to about 600 KM3NeT Detection Units Propriety KM3NeT Collaboration

18 optical modules per detection unit Distance between optical modules ~ 36 m
First optical module above seabed ~ 100m
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Antonio Capone

KM3NeT mult

3 detectors, each ~2km3 in 3
sites

KM3NeT-France:
Toulon (depth ~ 2500m)

KM3NeT-Italy:
Capo Passero (depth ~ 3500m)

KM3NeT-Greece:
Pylos (depth ~ 4500m)

Common hardware, data
handling and operation
control

Centrally managed

Node for marine science at
each installation site

Toulon

fe construction

. 3500m
Capo Passero
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Sensitivity To galactic source for o
Medﬁerranean ~5km? Cherenkov v Telescope

For the galactlc PWN VelaX:

» 50 discovery in ~ 3 years (50% prob.) ISsBRRERICAVARNLEell1TploFIE
» evidence (30 50% prob.) in ~1.2 years

For the galactic Supernova Remnant:
RXJ1713.7-3946

« 50 discovery in ~5 years (50% prob.) i q
- evidence (30 50% prob.) in 2 years

o  median AQ(Vgentigen)

A all reconstructed events
] reconstrustructed events selected with a quality cut

median AQ, g

17h15m 17h10m
|

6 7
log } 0EV(GeV)
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Neutrinos from “"FERMI Bubbles™ ¢¢
Search possible for a Mediterranean Cherenkov v Telescope

« FERMI detected hard y emission (E2) up to 100 GeV in extended "“bubbles” around
Galactic Center, hard spectrum not compatible with Inverse Compton mechanism,

M.Su et al., Ap.J.724 (2010).

Models involving hadronic processes (e.g. Crocker & Aharonian, PRL 2011) predict
significant neutrino fluxes.

This could be one of the first neutrino “source” for the Mediterranean v Telescope.

Gamma-ray emissions

X-ray emissions

v L 50,000 lightyears
Milky Way :
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KM3NeT Sensitivity to H.E. v from "FERMI Bubbles”™
for a = 5km?® Mediterranean Cherenkov v Telescope

Astropart.Phys.42(2013)

7
iy
£
o
o
107
S
o
N
L

observation years
30 @ 50%

506 @ 50%
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KM3NeT Pertformance

Effective neutrino area
A T 1.0

Angula

r resolution

Probability

=
N

| ; ; | . — nevutrino
coveend v vl el ] | i i
103 104 105 106 107 ; 0.2 04 0.6 0.8 1.0

E, [GeV] Angle [degrees]

Angle between

incoming neutrino and

Energy resolution ~0.3 in logo(E,) if E,>1 TeV reconsiructed muon
dominated by kinematics

up to ~1TeV
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KM3NeT technology

Multi-PMT Digital Optical Module (DOM)

® 313" PMTs in 17-inch glass sphere
(cathode area~ 3x10” PMTs)

> 19 in lower, 12 in upper hemisphere
> Light collection rings (20-40% gain)
31 PMT bases (total ~140 m\W) (D)

Front-end electronics (B,C)
>  FPGA readout
> Sub-ns time stamping
> Gb/s speed

Al cooling shield and stem (A)
Single penetrator

Calibration:
> LED and piezo inside sphere

Advantage:

> large segmented photocathode area

> 1-vs-2 photo-electron separation:
sensitivity to coincidences

> directionality
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Operational DOM prototype

A\
Installed on the
instrumentation line of

+ Fully equipped DOM (31 PMTs + B L ANTARES
acoustic positioning sensors + time »
calibration LED beacon)

 Mounted on the ANTARES
instrumentation line.

* Instrumentation line installed and
connected on 16 April 2013

* fully operational and working
correctly
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Coincidences between neighbouring PMTs

Coincidence rate on 2 adjacent PMTs

K40 coincidence rate
/ - PMT efficiencies

IIIIIIIIIIlllllllllllllllll

e" (B deca
Up to 150 (B y) _ 'H‘Pﬂwﬂr‘
Cherenkov 3;:})
photons < Peak position

| - time oﬁsets
per decay : 40K | T 100
40C a 342) time(PMT14) -time(PMT19) (ns)

Concentration of 4K is stable
(coincidence rate ~5 Hz on adjacent PMTSs)
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KM3NeT prototype D.O.M. in ANTARES since April 2013

ArXiv 1405.0839 astro-ph

To be published soon

hits in different PMTs in a time window of 20ns

lll]llITIIIIIIIIIIIIIIIIITTII

KM3NeT DOM
——— Data - 40h 4min
[ simulation - Muons

B simulation - “°K

I Combinatorial Background
(A)

ArXiv 1405.0839 astro-ph

KM3NeT DOM
—+— Data - 40h 4min
I Simulation - Muons
——— Shadowing Effect
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KM3NeT Detection Unit

String-like vertical structure with 18 KM3NeT-DOMs

Mooring line:
Buoys for string tensioning
2 Dyneema® ropes
18 storeys (one OM each),

36m distance, first DOM 100 m above the Seabed

DOMs connected via electro-optical cable:
1 fibre+2 copper wires

Break out box with fuses at each storey

DWDM with 80 wavelengths

GB/s readout
all data to shore
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Deployment
strategy

« Compact package self-
unfurling

— Eases logistics (in
particular in case of
several assembly lines)

—Speeds up and eases
deployment; several units |
can be deployed in one | | Bl sting

operation yilid ‘ compactification”

2.
0,
'+ 40.

—Self-unfurling concepts is e R e

being thoroughly tested » First successful test in
and verified December 2009

« Connection fo seabed /&
network by ROV i

Tilt = Deg

Pan +? Deg

Tms Alt

Rov Alt Tn P, R
Dive o +22.9 +05.6
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Detectors operational at KM3NeT-It site, May 2014
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Since May 8th 2014:
Prototype KM3NeT detection
unit with 3 DOMs
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The building block concept

Simulated configuration:
115 DUs, 90m distance on average

Building block:
115 detection units

Segmentation enforced
by technical reasons

Sensitivity for muons
independent of block size
above ~75 strings

One block ~ half IceCube

Geometry parameters optimised for galactic |
sources (1 < E, <100 TeV, and cut-off)

Technical feasibility verified
KM3NeT includes 6 building blocks
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First phase of seabed layout at the KM3NeT-|1

\e\ﬁtlom Relief

a Cable Splice

\
3\ (93 || SRR ——
©
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KM3NeT status

Collaboration since 29 January 2013
- Mol
- 38 institutes, 241 memlbers

Resources Review Board (RRB) in place
Scientific and Technical Advisory Committee (STAC) in place

Funding available for implementation of first phase of KM3NeT
Research Infrastructure:

Two installation sites being prepared: KM3NeT-Fr and KM3NeT-It
KM3Net-IT site: 24 Strings + 8 Towers (like NEMO tower)
KM3Net-Fr site: 6 Strings

2 nodes for connection for marine science instruments
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Summary

Neutrino astronomy has made in the last year tremendous progresses
« |lceCube evidence for H.E. cosmic neutrinos: their origin is still unknown

ANTARES, the larger Cherenkov Neutrino detector in the Northern
Hemisphere

« demonstrated the feasibility of a deep-Sea Neutrino Telescope

* has competitive results w/r to IceCube

« has started/exploited several multimessenger searches

International KM3NeT Collaboration is working for a staged mulfi-sites
construction of the several-km3 Cherenkov v Telescope

First implementation of the KM3NeT telescope started:

« Seabed network and shore station KM3NeT-Fr and KM3NeT-It

« Connection of 6 KM3NeT detection units at KM3NeT-Fr

« Connections of 24 KM3NeT detection units plus ~8 Towers at KM3NeT-I1.
Aiming at a volume of ~5 fimes IceCube for the full KM3NeT detector
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lceCube Discovery !l
The first two VHE astrophysical V events observed by lceCUBE

1.04+0.16 PeV Ernie 1.14+0.17 PeV

312 DOMSs 354 DOMs

Two nevutrino events of energy above 10'°> eV detected in IceCube
were reported on Neutrino 2012 Conference.

T. Stanev @ Now 2012 Conference: "The first thought was that these
events are produced by electron antineutrinos generating the Glashow
resonance.”
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lceCube Discovery !l
28 contained VHE astrophysical V events reported by lceCUBE

[Southern Sky (downgoing)l [Northern Sky (upgoing)]

Background Atmospheric Muon Flux } Background Atmospheric Muon Flux

Bkg. Atmospheric Neutrinos (7/K) ] B T Bkg. Atmospheric Neutrinos (7/K)

Background Stat. and Syst. Uncertainties 7 Background Stat. and Syst. Uncertainties
Atmospheric Neutrinos (Benchmark Charm Flux) Atmospheric Neutrinos (Benchmark Charm Flux)
Atmospheric Neutrinos (90% CL Charm Limit) Atmospheric Neutrinos (90% CL Charm Limit)
Signal+BKkg. Best-Fit Astrophysical £~ Spectrum i B Signal+BKkg. Best-Fit Astrophysical E~2 Spectrum |
Data

Science 22 Nov. 2013
Vol 342 no. 61611

£/ /S

Events per 662 Days
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- Observed energy distribution harder that any expected atmospheric background
- Measured event sample compatible with isotropic neutrino flux

THE NEUTRINO ASTRONOMY CHAPTER IS NOW OPEN !!!
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lceCube Discovery !l

28 contained VHE astrophysical V events reported by lceCUBE

Skymap in equatorial coordinates of the Test Stafistic value (1S) from the maximum
likelihood point-source analysis. The most significant cluster consists of five events (all
showers and including the second-highest energy event in the sample) with a final
significance of 8%.  Best-fit locations of individual events are indicated with vertical
crosses (+) for showers and angled crosses (x) for muon tracks.
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KM3NeT: a distributed Research Infrastructure

ESS-Consortium

Centrally
managed

Common
hardware

Common
software,
data handling
and operation
control

neutrino
detector

uoljels aioys

[ KM3NeT-Fr site ]

Sites in France,
Greece, ltaly

Consistent with
funding structure
(regional sources)

ESS-Consortium

data centre
data repository

shore station

KM3NeT-Gr site

KM3NeT-It site

neutrino
detector
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neutrino
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ESS-Consortium




